SUMMARY Poor weight gain observed in preterm infants who were fed expressed breast milk compared with those fed a cows' milk formula prompted a detailed study of early postnatal growth in preterm infants fed these two milks. 68 infants were divided into two categories by gestational age at birth (i) 28-32 weeks (n=28), (ii) 33-36 weeks (n-40). They were randomly allocated to a feed of expressed breast milk or a milk formula (Ostermilk 1). Rates of weight gain, linear growth, and head circumference growth were evaluated over two periods: birth-I month, 1-2 months.
Since the early years of caring for preterm infants it has been widely taught that breast milk is their food of choice (Budin, 1907; Hess, 1953; Corner, 1960; Crosse, 1966; . In Cardiff the milk bank at St. David's Hospital has made this teaching a reality for many years since sufficient amounts of expressed breast milk have usually been available for the city's preterm infants during the early weeks of life. Lately, however, this practice has been criticized because poor weight gain has been noted in many of these infants compared with those who have been fed on unmodified cows' milk formulae. Similar observations were made by earlier workers (Finkelstein, 1912; Gordon et al., 1947; Powers, 1948; Omans et al., 1961) , but these seem to have been viewed with little concern since the widespread belief of the superiority of breast milk for preterm infants continues.
In recent years there has been considerable publicity given to the importance of early postnatal growth due to a growing body of evidence, mainly from animal studies, that early growth impairment might adversely affect later growth and mental development (Winick and Noble, 1966; Dobbing, 1974) . The suspicion that breast milk was less able than cows' milk to maintain satisfactory growth in preterm infants prompted the present study which compares the early growth of preterm infants fed these two milks. Birthweights were all above the 5th centile allowing for maternal height, sex, and birth order (Tanner and Thomson, 1970) . Gestational age to the nearest completed week was determined from menstrual data. Where this was unreliable or obvious discrepancy existed between calculated gestational age and the clinical appearance of the infant, gestational age was assessed by the Dubowitz score (Dubowitz etaL., 1970) .
Milks. On admission to the neonatal unit the infants were randomly allocated to mature breast milk or Ostermilk 1 (Glaxo Laboratories), the cows' milk formula which was used at the time as an alternative to breast milk. The compositions of the milks are given in Table 1 . Breast milk was collected at home from breast-feeding mothers, then pooled, heated to 65°C for 35 minutes and stored at -4°C until 296
Adequacy of expressed breast milk for early growth ofpreterm infants 297 (Gordon et al., 1940 Weekly rates of weight gain (g), linear growth (mm), and head circumference growth (mm) were studied in two periods: (a) birth-1 month, (b) 1-2 months. The mean growth rates of the infants born between 28 and 32 weeks' gestation over the first month were also compared with expected rates, that is the fetal growth rate over the equivalent intrauterine period (Usher and McLean, 1974) . This standard of comparison was not used in the second month since the deceleration of fetal growth, which begins around the 36th week (Shaw, 1973) , makes intrauterine standards unreliable as a source of comparison. The growth standards for weight, length, and head circumference are taken from composite data summarized by Gairdner and Pearson (1971) . Results General. Data for gestational age and weight, crown-heel length, and head circumference at birth are given in Table 3 . Analysis of variance showed no Table 2 Growth.
(1) Preterm infants, 28-32 weeks' gestation ( Fig. 1 , Table 4 ).
(a) Weight gain. In the first and second months the rates of weight gain in the infants fed breast milk were slower than those fed formula thbugh the differences were not statistically significant. Both groups showed much slower than expected rates in the first month, particularly the breast milk group. After one month the centile distributions of the mean weights for both groups were much lower than at birth, particularly the breast milk group whose mean weight was below the 10th centile after starting at the 50th. In the second month there were attempts at 'catch-up' weight gain but birth centiles were not regained. The poorest recovery was shown in those fed breast milk. (b) Linear growth. In the first month the infants fed breast milk showed a significantly slower growth rate than those fed formula. In the second month there were no significant differences between the *An appendix providing these data is available from the author.
groups. The rate of growth of the formula-fed infants over the first month was closer to the expected intrauterine rate than that of the infants fed breast milk. As a result the growth curve of the formula-fed group showed much less deviation from the expected trajectory than that of the breast milk tWhen compared with breast milk group, t=2-68; P <0-02.
(c) Head growth. The pattern was similar to that of linear growth. The infants fed breast milk showed a significantly slower rate of head growth over the first month than the formula-fed group whose rate was similar to expected. On the other hand the infants fed breast milk showed a much slower than expected rate with the result that their growth curve deviated considerably from its expected path. In the second month there were no significant differences between the two groups.
(2) Preterm infants, 33-36 weeks' gestation (Fig. 2 , Table 5 ). There were no significant differences in the rates of weight gain, linear growth, and head circumference between the two groups in either the first or second month. It is interesting that the mean values for weight, length, and head circumference were at much higher centiles at 2 months than at birth, particularly weight. This probably represents the normal growth pattern of infants who have escaped from the constraining influence of the uterus during the last weeks of pregnancy.
Discussion
The most significant finding of this study was that infants born early in the last trimester of pregnancy grew less well on mature breast milk than on the cows' milk formula during the first month of postnatal life. Failure of breast milk to maintain satisfactory growth in preterm infants has been described by earlier paediatricians (Finkelstein, 1912; Gordon et al., 1947; Powers, 1948; Omans et al., 1961) , but their conclusions were based mainly on demonstrating poor weight gain. The unsatisfactory growth in length and head circumference shown in the present study is much stronger evidence for The growth charts are constructedfrom the composite data of Gairdner and Pearson (1971) , both sexes combined.
inadequacy since it indicates impaired skeletal growth (Cheek, 1968; Babson and Bramhall,1969 ) and brain growth (Bray et al., 1969; Winick and Rosso, 1969) .
Because the composition of the two milks differed in so many respects it is difficult to account for the differences in growth rates over the first month in these very small infants. The mean calorie intake of the infants fed breast milk was 130 kcal/kg (543 kJ), which was higher not only than that of the formula-fed infants (123 kcal/kg; 514 kJ), but also than the 120 kcal/kg (501 kJ) usually recommended for preterm infants (Gordon et al., 1940) . There were obvious differences in their intakes of minerals and electrolytes but it is difficult to envisage how these could be responsible for growth rate differences. It is therefore tempting to suggest, as have earlier workers, that the inadequacy of breast milk is due to its low protein content (Finkelstein, 1912; Gordon et al., 1947) . Thus if preterm infants are to grow at their expected intrauterine rate they must continue to retain as large amounts of protein as would have been laid down had gestation continued normally (Young et al., 1950) . The intrauterine equivalent of the first postnatal month in the category of smaller preterm infants is the gestation period between 30 and 34 weeks when protein retention by the fetus amounts to about 2d1 g/kg per day (Kelly et al., 1950; Widdowson and Dickerson, 1964) . The infants fed breast milk averaged 2 0 g of protein/kg per day in their first month so that with a 70% protein utilization at this intake (Snyderman et al., 1969) theoretical protein retention would be only 1I4 g/kg per day. The poor growth of these infants supports this theoretical estimate. On the other hand, the infants fed the milk formula averaged 4 * 7 g protein/kg per day so that with a utilization of about 60% at this intake (Snyderman et al., 1969) protein retained would be in the order of 2 -8 g/kg per day, which is slightly greater than that accumulated by the fetus. For these reasons it is therefore possible that the differences in growth rates between the two feeding groups reflect differences in protein intake. It is unknown whether a short period of poor growth at this stage of development will adversely affect later growth and intellectual achievement. However, since this stage contains the accelerating phase of the brain growth spurt (Dobbing, 1974) it seems important to encourage the best possible growth at this time. Expressed breast milk does not achieve this so that its suitability for very immature preterm infants must be seriously questioned. What their optimum diet should be is clearly an area for further study. 
